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I. Fundamental Deformation Characteristics of 80 Nickel - 20 Chromium Alloy

dn Creep at Elevated Temperaturss

Since the last quarterly report (October 1952) several preliminary creep

tests were run at 1150° F. Some interesting results were obiainxd, particularly
regarding the behavior of sllp bands in crossing twin boundas.cc,

Ereparation of Specimens

Two parallel flat surfaces were milled in the gage portlon of the testi
bars. The specimens were first stress relleved at 900° F for 20 hours. They
were then stretched 4 percent at room temperature and given a final anneal at
2350° F for 24 hours, The grain size after thls treatment ronged irom 0.2
to 1.5 mm in diometer. In common with certain other ausienitic siructures,
annealing twins were found in the graims. The specimens were electro-pollshed
in a mixture of methyl alcohol (two parts) and nitric acid (one part), Because
atching darkened the appearance of the specimen surface, the specimen was
tested in creep without prior etching, It will be seen later that the graln
and twln boundaries could be established aftor small amounts of deformation
without etching,

Regsults .

Specimen N=1 was subjected to creep at 1150° F. Immediately after
loading (stress about 20,000 psi), this specimen was elongated 4.2 percent.,
Bacause some interesting deformation patterns were observable microscoplcally
during the creep test, the test was stopped and the specimen was taken out
of the furnace for examination,

There were twu types of delormatlon patterns noted in the iwins which
were caused by slip in the grains,

As shovn in the upper portion of the large grain at the right side in
Figure 1, the twins are fairly wide. The slip bands are shernly bent and
contimuous in golng acress the twin boundaries. The slip bands sppear regular
and straight in the twins.

The second type of deformaticn in the twins is shown in {hc lower portion
of the lerger graln at the right side of Figure 1. The twins nariowed down in

ndn
QL

ng frem

ot the 4¢op to the hottom of the eame grain. It is Interesting to note

that the heavy slip bands in the grain disappear eimosi suddenly at the iwli

boundaries. The heavy slip bands at both sides of the twin are connected
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by faint markings in the twins. Figure 2 shows at higher magnification the
lower portion of this grain. In fact, tho faint marks in the twins are
slip bands having a zigzag pattern.

Figure 2 shows a case where two heavy parallel slip bands can also be
connected by these zigrzag slip bands in going through the twin (or bundles
of twins).

Future Vork

It is planned to study in some detail the conditions of ihe occurrence
of these two types of deformation patterns in the twins. It is thought
that the following factors are important for their cscurrence.

1. The width of the twins relative to the magnitude of the applied stress.

2. The arrangement of the twins and the grain with respact to the
neighboring gralns; i.e., the orientation effect and the depth of the twin

in the direction of the thickness of the specimen).

It was found that the specimen surfaces could not be maintained clean
even for only several hours at 11,0° F, The gas = tightness of the creep
furnace was checked and improved accordingly. With the present sct up,

creep tests c¢an be run up to 1600° F, Three specimens are ready for such
creep tests,
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Figure 1. Specimen N-1, 1159°F, 20,000 psl. The behavior of slip bends
eeross twins. The slip bands sre sherjly bent and continuous
at the twin boundaries, =& shown in the upper portion of the
large grain at the rignt, The heavy slip bands ere connected
by faint markings in the twins as shown in tne lower portion

f tne same grain, 150X,

Flgure 2. Speclmen N=1, 1150°F, 20,000 pei. A higher megnificetion of
the lover mortﬁan of tre 1nv0¢ arp:r deroribed in Pigu
The faint markings in Figure 1 are sctually regular slip bands
ir zlgzeg psttem. 500X,




Figure 3., CZpeclmen N-1, 1150°F, 20,000 psi, Two perellel slip bends
ere connected by reguler slip steps in zigzeg pattem.
500X,




Resistivity amd hipdoese mwearuroments aitioansd e J0Gevent nolaree of
these tw types of precipiiate.

sloee the prepdaration of the first roport cxecp ord stirmes rusnto.
tusts hove been grarted. Uo for these have been conductod .1 LW F only,
The results of these tesis Indicnte thit thn clloys horCene~’ w1 h "he rirst
type of precipltste, behave In the some gerraral mamher frxresis ’ive of the
ralative smounts of aiuminum and titonfima, It looks, howsve., wr ¥ o
alloys with « high titonlum to olumlin: ratio have a longes xvpture lfe
and a substantially lows> mpinimm craep rate., Alloys hardencd witl: the
acleular type of precipltate showed Infarics high taeperaturs propiities,
especlally a hilgher creep rate.

These tests will be contimued and attoapts vwill be made to extract

the precipitoted conhstituents,



Figure 1. 2.2 percent titanium and 0.9 percent alwninum (by weight), water
quenched from 2000° F and aged 540 hours at 1450° F, ECiched
electrolytically in aqueous solutlon of 10 percent glycerine and

5 percent hydrofluoric acid, 1500 X,
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Figure 2, 3.7 pexcert tltanium
percent hydrefluoric




